Fig.1 



r 



4a 



1. 



3a 



5a 



6a 



Ffv 



1. 



1a 



relative 
position 
detection unit 




mover force 
vibration 
unit 




motor 
driver 




^"Dpr 


Df 




Dk 
{ m 


f^-Dpc 


natural 
frequency 
detection 
unit 




spring 
constant 


mover 
position 
calculation 
unit 




decision 
unit 





2a 



r 



Cdr 



Vdr 



linear 
vibration 
motor 



100 



101a 



Fig.2 



r 



4b 



3a 



'5b 



6b 



Ffv 



1a 



relative 
position 
detection unit 




mover force 
vibration 
unit 




motor 
driver 




^Dpr 






Dk 


t^Dpx 


natural 
angular 
frequency 
detection 
unit 




spring 
constant 
decision 
unit 


mover 
position 
calculation 
unit 







2a 



Px 



Cdr 



Vdr 



linear 
vibration 
motor 

— 

100 



101b 



Fig.3 



i"">" 4a 



r 



3a 



relative 
position 
detection unit 




mover force 
vibration 
unit 






^Dpr 


Dt 




Dk 


natural 
frequency 

period 
detection unit 


spring 
constant 




decision 
unit 





5c 




6c 



mover 
position 
calculation 
unit 



Vdr 



2a! 



linear 
vibration 
motor 



100 



101c 



Fig.4 



10d 



voltage 
detection 
unit 


Cd 


Vd-^ 






resonance 
frequency 
detection 
unit 




Drf 




i 

X 

101d 



9d 



current 
detection 
unit 



Sfc 



spring 
constant 
decision 
unit 



Dk 



^6d 



Cmnt y Vsns 



Jl 



1d 



motor 
driver 



f^Dpc 



mover 
position 
calculation 
unit 

— 



2a 



Cdr 



10d1 



Vdr 



linear 
vibration 
motor 



100 



1. 



3a 



mover force 
vibration 
unit 



spring 
constant 
decision 
unit 



Dk 



6a 



Df 



I £ 

temperature 
detection 
unit 



12e 



^Dtm 



spring 
constant 
estimation 
unit 



Dk(t) 



13e 



natural 
frequency 
detection 
unit 



Dpr 



K 5a 



1a! 



Cdr 



motor 
driver 



-Dpc 



Vdr 



mover 
position 
calculation 
unit 





2e 



relative 
position 
detection 
uni t 

— s - 



4a 



linear 
vibration 
motor 



100 



Px 



101e 



Fig.6 



r 



4a 



relative 
position 
detection unit 

natural 
frequency 
detection 
unit 



Df 



'5a 



3a 



Ffv 



1a 



mover force 
vibration 
unit 




motor 
driver 




Dmk 


f^Dpc 


mass/spring 
ratio 


mover 
position 
calculation 
unit 


decision 
unit 




^14, 





Px 



Cdr 



Vdr 



linear 
vibration 
motor 

— S" 



100 



101f 



Fig.7 



r 



Ffv 



i I r 4b 




^3a 




1a 


; Cdr 

■ S, 




relative 
position 
detection unit 




mover force 
vibration 
unit 
















motor 
driver 




| i 
' ) 




i ,^Dpr 


Do; 






Dmk 


t-^Dpc 




Vdr 




natural 
angular 
frequency 
detection unit 


mass/spring 
ratio 


mover 
position 
calculation 
unit 










decision 
unit 








i 




"^14g 







linear 
vibration 
motor 



100 



101g 



Fig.8 



r 

Ex 



4a 



relative 
position 
detection unit 

^Dpr 

natural 
frequency 
period 
detectio n unit 



Dt 



5c 



3a 



mover force 
vibration 
unit 



mass/spring 
ratio 
decision 
unit 



Dmk 



14h 



Ffv 



1a I 



motor 
driver 



f^-Dpc 



mover 
position 
calculation 
uni t 

^ 



2h 



ji:. 



Px 



Cdr 

A, 



Vdr 



i 



linear 
vibration 
motor 



100 



101h 



Fig.9 



Csns 



Vsns 



voltage 
detection 
unit 




Vd 



resonance 
frequency 
detection 
uni t 



101 i 



Fig. 10 



r 



Tm 



.✓Ffv 



3a 



mover force 
vibration 
unit 



mass/spring 
ratio 
decision 
unit 



Dmk 



14j 



Df 



12e 



temperature 
detection 
unit 



HDtm 



mass/spring 

ratio 
estimation 
unit 



Dmk(t) 

L 



natural 
frequency 
detection 
unit 

s 



Dpr 



5a 



Cdr 



motor 
driver 



-^Dpc 



mover 
position 
calculation 
unit 



relative 
position 
detection 
unit 



4a 




linear 
vibration 
motor 



101J 



Fig. 11 



Prior Art 




Fig. 14 




|4/~5lb 



212 



Fig.15 



60b' 



motor 
driving unit 



Vd 

ir 




•61 C 




60a 



62b 



63 



C 
62a 




62 



213 



Fig.16 



70b' 



motor 
driving unit 



Vd 

ir 




71 D 




70a 



72b 



73 



D 

72a 




72 



214 



Fig.18 




